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In the last section of the joint paper [HZ], Hrushovski and Zilber present a method of
constructing new Zatiski $g\infty metries$ from given Zariski geometries with groups acting on
them. The authors also give an example of non-algebraic Zariski $g\infty metry$. After examining
their argument in detail, I mention briefly Zilber’s idea of viewing non-algebraic Zariski
geometries from a non-commutative geometric point of view.





$X$ , $G$ $X$ . $H$ $H$
$G$ , $h:Harrow G$ . $H$ $X_{H}$
.
1( )
. $X$ , $X$ ,
, ZAut(X) .
2 (semi-free action) $G$ $X$ , $G$ $X$
(semi-free) .
$\forall g\in G\forall x\in X((g\neq 1\wedge gx=x)arrow\forall g’\in G(g’x=x))$
3 $\forall g\in G\forall x\in X(gx=xarrow g=1)$ , .
, .
4 (Prop. 10.1) $X$ , $G$ $X$ .
$i$ : $G^{r}arrow G$ ker(i) , $G^{*}$








. $j:X^{*}arrow X$ .
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: , $X^{*}$ , $X^{*}$ , $X^{*}$
.
1 $X^{*}$ . $X_{0}=\{x\in X : \forall g\in G(gx=x)\}$ . $G$
, $g\in G(g\neq i)$ , $X_{0}$ $g$ $X$
. $x_{0}$ $X$ , . $X$
, , 1 . $X_{0}$ $X$
. $X=X_{0}$ $x*$ , $X$ ,
$X_{0}$ .
$G^{*}$ , $i:G^{*}arrow G$ . $i$ ker(i) $=H$ $G^{*}$
. $X^{*}/H\simeq X$ $X$ $X$ ‘ , $G^{*}$
$X^{*}$ . $|X_{0}^{*}|=|X_{0}|$ , $X^{*}$ $X_{0}^{*}$
$G^{*}$ , $X_{0}^{*}$ .
$X_{0}^{*}$ , $G$“ , regular, sharply l-transitive,
$\forall x^{*},y^{*}\in(G^{*}-X_{0}^{*})\exists$ ! $g^{*}\in G^{r}(g^{*}x^{*}=y^{*})$
.
, $G^{*}$- $G$- 1-1 .
,
$x^{r}\sim y^{n}\Leftrightarrow\exists h\in H(hx^{*}=y^{*})$
, $g^{*}\in G^{*}$
$x\sim y^{*}\Rightarrow g^{r}x^{*}\sim g^{*}y’$
. $G^{*}$ $X^{*}/\sim$ , $H$ . $G^{*}/H\simeq$
$G$ $G$ $x*/\sim$ . $x*/H\simeq X$ .










$U\subseteq X^{n}$ $n^{2}$ $G^{*}$ $w$ $F(U, w)\subseteq(X^{*}$ .
$F(U,w)=\{(x_{1}^{l}, \cdots x_{n}^{*}):(jx_{1}^{*}, \cdots , jx_{n}^{*})\in Ut1’\supset\exists(\mu, \mu’)\in dom(w)(w(\nu, \nu’)(x_{\nu}^{*})=x_{\nu}^{*},)\}$
$(U, w)$ , 4 , (nomd) .
(i) $dom(w)$ , $w(\nu, \nu)=1$ .
(ii) $(\nu, \nu’)\in dom(w)$ $U\subseteq\{(x_{1}, \cdots x_{n}):i(w(\nu, \nu’))x_{\nu}=x_{\nu’}\}$
(iii) $(\nu, \nu’),$ $(\nu’, \nu’’)\in dom(w)$ $w(\nu, \nu’’)=w(\nu, \nu’)w(\nu’, \nu’’)$
(iv) $J(U)=\{\nu : U\subseteq\{x:x_{\nu}\in X_{0}\}\}$ . $\nu,$ $\nu’\in J(U)$ $(\nu, \nu’)\in dom(w)$
$w(\nu, \nu’)=1$ .
$X^{n}$ $U$ $n^{2}$ $G^{*}$ $w$ $F(U,w)$ , $F(U,w)$
$(X^{*})^{n}$ , $(X^{\cdot})^{n}$
.
(1) $(U, w)$ . $U$ $F(U, w)$ .
$x\in U$ $jx^{*}=x$ $x^{*}\in F(U, w)$ .
: $x=(x_{1}, \cdots x_{n})\in U$ . $dom(w)$ $R$ .
$\mu\leq n$ , $\nu\in R$ $(\nu, \mu)\in dom(w)$ , $j$ : $X’arrow X$




, $(x_{1}^{*}, \cdots x_{n}^{*})\in F(U, w)$ .
(2) $U,$ $w$ , $F(U, w)=F(U’, w’)$ $(U’, w’)$ .
: $J=$ { $\nu;1\leq\nu\leq$ $\forall x^{*}\in F(U,w)(x_{\nu}^{*}\in X_{0}^{*})$ } . $U$
$U’=U\cap\{x\in X^{n} : \exists\nu\in J(x_{\nu}\in X_{0})\}$
$F(U, w)=F(U’, w)$ . $dom(w)$ $w$
, $(U’, w’)$ $F(U, w)=F(U’, w’)$ .
(3) $F(U, w)$ .
: .
$F(U_{1}, w_{1})\supsetneq\cdots\supsetneq F(U_{1}, w_{i})2\cdots$ (1)
. (2) , $(U_{t}, w:)$
.
$i$ $U\leq i=\cap i\sigma_{i}$ , $F(U\leq\iota, w_{t})=F(U_{1},$ $w$
.
$n=2$ . $F(U_{1}\cap U_{2}, w_{2})=F(U_{1},w_{2})\cap F(U_{2}, w_{2})\subseteq F(U_{2}, w_{2})$ .
$F(U_{i}, w:)$ $F(U_{1},w_{1})\cap F(U_{2}, w_{2})=F(U_{2}, w_{2})$ , $x’\in F(U_{2}, w_{2})$
, $(jx_{1}^{l}, \cdots jx_{n}^{*})\in U_{1}$ $U_{2}$ $x^{*}\in F(U_{1}, w_{2})\cap F(U_{2}, w_{2})$ .
$F(U_{1}\cap U_{2}, w_{2})=F(U_{2}, w_{2})$ . .
(1) $U_{1}$ .
$X^{n}$ , $X^{n}$




, $n^{2}$ $G$‘ $w$: .
$J=$ {$\nu:1\leq\nu\leq n$ , $\forall i\forall x^{*}\in F(U,w:)(x_{\nu}^{*}\in X_{0}^{*})$ }
. $w_{t}$ $J$ $w_{1}’$. . $i$ $F(U,w_{i})=$
$F(U,w_{1}^{l}\cdot)$ , $i$
$(\nu, \nu’)\in dom(w_{i})arrow\nu\not\in J$ (3)
.
$(\nu, \nu’)\in dom(w_{*})\cap dom(w_{j})$ $w_{i}(\nu, \nu’)\neq w_{j}(\nu, \nu’)$ (4)
$(\nu, \nu’)$ . $k\geq i,j$ $x^{*}=(x_{1}^{*}, \cdots x_{n}^{*})\in F(U,w_{k})$
, $x^{*}\in F(U,w_{i})\cap F(U, w_{j})$ . , $w:(\nu, \nu’)x_{\nu}^{l}=x_{\nu’}^{r}=w_{j}(\nu, \nu’)x_{\nu}^{*}$ . $x_{\nu}^{l}\in X_{0}^{*}$
. $\nu\in J$ (3) . $w:(\nu, \nu’)=1=w_{j}(\nu, \nu’)$
, (4) . $dom(w_{i})\cap dom(w_{j})$ ,
$i,j$ $w_{i}$ $w_{j}$ ( ) .
, (2) $i<j$ $w:\subset w_{j}$
. $(U,w)$ $F(U,w)$ .
(4) $F(U, w)$ , .
:(3) $F(U, w)$ ,
. 2 .
$F(U_{1},w_{1})$ $F(U_{2}, w_{2})$ .
$\bullet$ $Q=\{(i,j)\in dom(w_{1})\cap dom(w_{2}):w_{1}(i,j)\neq w_{2}(i,j)\}$
$\bullet Q_{1}=\{i:\exists j(i,j)\in Q\}$
. $w$ $dom(w_{1})\cup dom(w_{2})-Q$ $G^{*}$ $(i,j)\in dom(w)$ $w(i,j)=$
$w_{1}(i,j)=w(i,j)$ ,
$U=U_{1}\cap U_{2}\cap\{(x_{1}, \cdots,x_{n}):\exists i\in Q_{1}(x:\in X_{0})\}$
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, $F(U_{1}, w_{1})\cap F(U_{2}, w_{2})=F(U, w)$ .
$X$ “ .
3 $x*$ .




$U \subseteq\bigcup_{g\in G}\{(x_{1}, \cdots x_{n}) : (gx_{\nu}=x_{\nu’})\}$
$(\nu, \nu’)\in dom(w)$ .
2 , $\dim(F(U, w))=\dim(U)$ .
: $F(U, w)$ . $(U,w)$ , 2 (1) , $U$
$F(U,w)$ . $U$ $F(U, w)$
. $U$ . (h) , $g\in G$ $U\subseteq\{(x_{1}, \cdots x_{n})$ :
$gx_{\nu}=x_{\nu’}\}$ .
$C=\{w’$ : $w\subseteq w’,dom(w’)=dom(w)\cup\{(\nu, \nu’)\}\hslash^{a\prime}\supset i(w(\nu, \nu’))=g\}$
, $|C|=|i^{-1}(g)|=|H|<\aleph_{0}$ ($H$ $i:G^{*}arrow G$ ),
$F(U,w)= \bigcup_{w\in C}F(U,w’)$
. $F(U,w)$ , $w’\in C$ $F(U,w)=F(U, w’)$
. $(U,w)$ $w=w’$ . $(\nu, \sqrt{})\in dom(w)$
.
(i), (ii) $F(U, w)$ .
$F(U,w) \subseteq\bigcup_{k=1}^{l}F(U_{k}, w_{k})\cup\{c_{1}, \cdots c_{i}\}$ $F(U_{k}, w_{k})\subset F(U, w)(1\leq k\leq l)$
. $(U_{k}, w_{k})$ , $U$
. $U$ , $k$
$U\subseteq U_{k}$ . $(U_{k}, w_{k})$ , $(\nu, \nu’)\in dom(w$
$U\subseteq U_{k}\subseteq\{(x_{1}, \cdots x_{n}):(i(w_{k}(\nu, \nu’))x_{\nu}=x_{\nu’})\}$
. (ii) , $(\nu, \nu’)\in dom(w)$ . $(\nu, \nu’)$ $dom(w_{k})\subseteq$
$dom(w)$ . $w_{k}=w$ $F(U_{k}, w_{k})=F(U, w)$ . $F(U, w)$
.
(2) $(U,w)$ , $V$ $U$ . $w’$ , (V, $w’$ )
, $F(V, w’)$ . $F(V,w)$ $F(V,w’)$
.
:
$E= \{(\nu, \nu’):V\subseteq\bigcup_{g\in G}\{(x_{1}, \cdots x_{n}):gx_{\nu}=x_{\nu’}\}\}\subseteq n^{2}$
. $(U, w)$ $dom(w)\subseteq E$ , $E$ .
$v^{*}=(x_{1}^{*}, \cdots x_{n}^{*})\in F(V, w)$ . $v^{*}$ $w’$ . $(\nu, \sqrt{})\in E$
,
$\bullet$ $x_{\nu}^{*}=x_{\nu}^{*},$ $\in X_{0}^{*}$ $w’(\nu, \nu’)=1$
$\bullet$ $g^{l}(x_{\nu}^{*})=x_{\nu}^{*}$, $g^{*}\in G^{*}$ $w’(\nu, \nu’)=g^{*}$
.
$w’$ , $dom(w’)=E$ , (V, $w’$ ) , $v^{*}\in F(V,w’)$
. (1) 2 $F(V, w’)$ $F(V, w)$
. $w$ $w’$ .
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(3) $(U, w)$ , $U$ . $F(U, w)$ , $U$
, $U$ .
: ,
$F(U, w)=$ $\cup$ $F(U,w’)$ (5)
$w’$ :
. $(U, w’)$ $F(U, w’)$ $U$ .
$F(U, w’)$ , $\dim(U)$
$\dim(U)\leq\dim(F(U,w’))$ (6)
.
$F(U,w’)$ , $V\subseteq U$ $w”$ $F(V, w”)$
. $V,$ $w”$ 3 (1) 2 . 2
(ii) (ii) $U=V$ $dom(w’)=dom(w”)$ ,
(iv) $w’=w”$ .
$F(V, w”)\subsetneq F(U, w’)$ , $V\neq U$ . $U$
, $\dim(U)$ $F(U, w)$ $F(U, w’)$ $\dim(F(U, w’))\leq$
$\dim(U)$ , (6) $\dim(U)=\dim(F(U, w’))$ .
4 .
.
5( ) $D$ , $n$ $D^{n}$
. 4 , $D$ .
(ZO) $f_{i}$ $f_{1}(x_{1}, \cdots x_{n})=c$ , $f_{i}(x_{1}, \cdots x_{n})=x_{j}(i$ 1, $\cdots n$
) . $f(x)=(f_{i}(x), \cdots f_{m}(x))$ $f:D^{n}arrow D^{m}$ $(n,$ $m$
). $D^{n}$ $\Delta_{1}^{n_{j}}=\{(x_{1}, \cdots x_{\mathfrak{n}}) : x_{i}=x_{i}\}$
.
(Z1) $C$ $D^{n}$ , $\pi$ $D^{\mathfrak{n}}$ $D^{k}$ . , $c1(\pi C)$
$F$ , $\pi C\supseteq(c1(\pi C)-F)$ .
(Z2) $D$ . , 1 : $C\subseteq D^{n}xD$
, $m$ , $\overline{a}\in D^{n}$ , $C(\overline{a})=D$ $|C(\overline{a})|\leq m$
. , $C(\overline{a})=\{x\in D:(\overline{a}, x)\in C\}$ .
(Z3) ( ) $\dim(D^{n})\leq n,$ $U$ $D^{n}$ , $T_{1j}=\{(x_{1}, \cdots , x_{n}) : x:=x_{j}\}$
. $U\cap T_{ij}$ , $\dim(U)-1$ .
6 $C\subseteq D^{m}$ $\pi$ : $D^{m}arrow D^{n}$ $\pi(C)\subseteq D^{n}$
, $D$ .
7 (Z1) $1h$ , , , (Z2)
. .
8( ) . $(X^{*})^{n}$ $(X^{*})^{k}$
, $X^{n}$ $X^{k}$ $\pi$ .
$(X’)^{n}\supseteq C$ $arrow^{\pi}$ $\pi C\subseteq(X^{*})^{k}$
$j\downarrow$ $\downarrow j$
$X^{n}\supseteq U$ $arrow^{\pi}$ $\pi U\subseteq X^{k}$
, $C=F(U, w)$ $(U, w)$ .
: $\pi C\subseteq F(\pi U, w’)$ . , $w’$ $w$ $\{1, \cdots k\}$ .
$(x_{1}^{*}, \cdots x_{k}^{*})\in\pi C$ ,
$\exists x_{k+1}^{*}\in X\cdots\exists x_{n}^{*}\in X^{*}(x_{1}^{*}\cdots x_{n}^{r})\in C$
. $(jx_{1}^{*}, \cdots jx_{k}^{t},jx_{k+1}^{*}, \cdots , jx_{n}^{*})\in U$ $w$ .
$\{1, \cdots k\}$ $w’$ , $(jx_{1}^{l}, \cdots jx_{k}^{*})\in\pi U$
$(x_{1}^{*}, \cdots x_{k}^{*})\in F(\pi U, w’)$ . $\pi C\subseteq F(\pi U, w’)$ .
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$x^{*}=(x_{1}^{*}, \cdots x_{k}^{*})\in F(\pi U, w’)$ , $(jx_{1}^{*}, \cdots jx_{k}^{*})\in\pi U$ $w’$
. $x_{k+1},$ $\cdots x_{n}$ , $(jx_{1}^{*}, \cdots jx_{k}^{*}, x_{k+1}, \cdots x_{\mathfrak{n}})\in U$
. $i$ $jx_{k+1}^{*}=x_{k+1},$ $\cdots jx_{n}^{*}=x_{n}$ $x_{k+1}^{*},$ $\cdots$ $x_{n}^{*}$ . $w$
, $x^{*}\in\pi C$ . ,
$(\nu, \nu’)\in dom(w)$ ,
$(\nu\leq karrow\nu’\leq k)\wedge(\nu>karrow\nu=\nu’)$ (7)




: $C=F(U,w)\subseteq(X^{*})^{n}$ , $\pi$ : $(X^{*})^{n}arrow(X^{*})^{k}$ . ,
$F^{*}\subseteq c1(\pi(C))$ , $\pi(C)\supseteq c1(\pi(C))-F$“ . $(U,w)$
. $dom(w)$ $k^{2}$ .
( 1) (i) $dom(w)\subseteq n^{2}$ , $\nu=1,$ $\cdots n$
$(\nu, \nu)\in dom(w)$ . $dom(w)$ $\{1, \cdots k\}^{2}$ ,
,
$dom(w)\cap(\{k+1, \cdots n\}x\{k+1, \cdots n\})=\{(\nu, \nu) : \nu=k+1, \cdots ,n\}$
, (8) (7) . , $X^{n}$ $X^{k}$
$\pi$ , $X$ (Z1) , $V$
$\pi(U)\supseteq c1(\pi U)-V$ (8)
$c1(\pi U)$ . $w$ $\{1, \cdots k\}$
$F(\pi U, w’)\supseteq F(c1(\pi U), w’)-F(V, w’)$ (9)
. 8
$F(c1(\pi U),w’)\supseteq F(\pi U)w’)\supseteq c1(\pi C)$
.
$F(c1(\pi U), w’)-F(V, w’)\supseteq c1(\pi(C))-F(V, w’)$ (10)
. (7) , $\pi C=F(\pi U, w’)$ (9), (10)
$\pi C\supseteq c1(\pi C)-F(V, w’)$ (11)
. $F(V, w’)$ $F(c1(\pi C), w’)$ (Z1)
.
( 1 ) (7) , $\pi$ 2 . $dom(w)$ $\{1, \cdots k\}$
, $x^{*}=(x_{1}^{*}, \cdots x_{n}^{*})\in(X^{*})^{n}$ $s\subseteq n$
$\forall\nu’\in n-s\exists\nu\in s((\nu, \nu’)\in dom(w))$
, $\pi’$ $(X^{*})^{n}$ $\prod_{:\in\iota}X^{*}$ .
: $\pi’(C)$ .
, $\nu’\in n-s$ , $(\nu, \nu’)\in dom(w)$ $\nu\in s$
$h(\nu)$ $i(w(\nu, \nu’))\in G$ , $X$ . , ($x_{\nu}$ : $\nu\in$
$s) \in\prod_{:\in\epsilon}X$
($(x_{\nu} : \nu\in s),$ $(h( \nu)(x_{\nu’}) : \nu’\not\in\epsilon))\in\prod_{j\in\epsilon}Xx\prod_{:\not\in\epsilon}X=X^{\mathfrak{n}}$
$H$ $H$ . $U’=H^{-1}(U)$ . , $w’$ $w$
$s$ $\pi’(C)=F(U’, w’)$ , $\pi’(C)$ .
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$\pi’$ , $\pi=\pi’’\circ\pi’$ , $\pi’’$ (7) . $\pi(C)$
$\pi’(C)$ , $\pi’’(\pi’(C))$ (Z1) , (Z1)
.
$X$ . , $U$ $\pi U$ , (8)
$V=\emptyset$ . (8) $V=\emptyset$ , (11) $F(V, w’)=\emptyset$ .
, $X$ , $x*$ , $x*$ .
(Z2)
: $C=F(U,w)\subseteq(X^{s})^{n}xX^{*}$ , $\overline{a}\in(X^{*})^{n}$ }
$C(\overline{a})$ $=$ $\{b\in X^{*} : (\overline{a}, b)\in C\}$
$=$ {$b\in x*$ : $(j\overline{a},jb)\in U$ $\exists(\nu, \nu’)\in dom(w)$
$((\nu’\leq n\wedge w(\nu, \nu’)a_{\nu}=a_{\nu’})\vee(\nu’=n+1\wedge w(\nu,n+1)a_{\nu}=b))\}$
. ,
(i) $\nu\leq n$ $(\nu, n+1)\in dom(w)$ , $|C(\overline{a})|\leq 1$ .
(ii) (i) , $C(\overline{a})=X$ “ $U(j$ , $|C(\overline{a})|\leq|U(j\delta)|\cdot|H|$
. $H$ $i:G^{*}arrow G$ , $X\simeq X^{*}/H$ .
$X$ , $X^{*}$ $X^{*}$ .
(Z3)
: $(U, w)$ , $F(U, w)$ . $\Delta^{*}=\{x^{*} : x_{1}^{*}=x_{2}^{*}\}$ . $F(U, w)\cap\Delta^{r}$
, $\dim(U)-1$ , .
$\Delta=\{x\in X^{n} : x_{1}=x_{2}\}$ , $U’=U\cap\Delta$ . $X$
$U’$ , $\dim(U)-1$ .
3 (3) , $F(U_{j}, w)$ $F(U_{1}, w_{1j})$ ( $(U_{1},$ $w_{1j})$ )
,
$\dim(F(U_{i},w_{1j}))\geq\dim(U)-1$
. $U_{i}\subseteq\Delta$ , $i,j$ $(1, 2)\in dom(w_{1j})$ .. $w_{1j}(1,2)=1$ , $F(U_{1},w_{1j})\subseteq F(U,w)\cap\Delta^{r}$
$\bullet$ $v$ $\in F(U,w)\cap\Delta^{*}$ , $v=jv^{*}$ , $i$ $v\in U_{*}$ .






9 (Theorem C) .
: $k$ $X$ $k$ . $X$ .
$X$ $j$- $j(X)\not\in ac1(\emptyset)$ . $P$ , $X$
, $a,$ $b$ $X$ (generic point) . $q\in X$ ,
$t_{a}$ ; $qrightarrow q+a,$ $t_{b}$ : $q\mapsto q+b$
$t_{a},$ $t_{b}\in Aut(X)$ . $+$ , $X$
. $t_{a},$ $t_{b}$ Aut(X) $G$ . $a,$ $b$
$G\simeq ZxZ$ . $G$ $X$ .
$G^{*}$ . $T_{a},$ $T_{b}$ , $G^{*}$ $T_{a},$ $T_{b}$ , $T_{a},T_{b}$
$[T_{a},T_{b}]^{2}=[T_{a)}[T_{a},T_{b}]]=[T_{b}, [T_{a}, T_{b}]]=1$
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. $[T_{a}, T_{b}]$ , $G$“ $H$ $H$ 2
.
$i:T_{a}\mapsto t_{a},$ $i:T_{b}\mapsto t_{b}$
$G^{*}$ $G$ $i$ , $H$ , $i$ .
$X,$ $G,$ $G$’ $i$ , 4 $X^{*}$
. $X^{*}$ ,
, .
$X^{*}$ , $K$ .
$X$ (ample) , $k’$ (ACF
, ). ’ , $X$
$k$ . $k$ $X^{*}$ .
, $K$ . ACF $k\simeq K$ .
$X$ $X^{*}$ $K$ . 4
$j:X^{*}arrow X$ $|H|=2$ , 2-1 .
$X^{*}\simeq C_{1}\cup\cdots$ Cm\cup ( ), . $C_{k}$ .
$x\in X$ , $j^{-1}(x)$ $C_{k}$ $j$ 2-1 $m\leq 2$
.
$m=2$ $i^{-1}$ , $C_{1},$ $C_{2}$ 1 . $[T_{a},T_{b}]$




. $T_{a},$ $T_{b}$ 4 ,
$[T_{a},T6]$ $C_{1},$ $C_{2}$ . $m=1$
.
$X^{*}$ , 1 . $C$ . $C$ , 4
, . $G^{*}$
$X^{*}$ } , $G^{*}$ $Aut_{K}(C)$ . $G^{*}$
Aut$K(C)$ , $C$ 1 .
, $C$ $X$ $C$ 1 .
$C$ 1 , . $C$ $X$ $isogen\infty us$ $C$
$i$- $j(C)\not\in ac1(\emptyset)$ .
([Ha], $p.321$ , Cor. 47) , $Aut_{K}(C)$ ,
$C$ $p$ 2 , $id$ inversion $(xarrow-x)$
($j(C)\not\in ac1(\emptyset)$ $j(C)\neq 0$,1728 ).
Aut$K(C)=WrA$ . $W$ $x\in C$ $x\in C$ , $A$ $C$
. $W$ $9\in A$ $g$ $A$
. , $g_{1},$ $g_{2}\in Aut_{K}(C)$ , $g_{1},g_{2}$ 2 $g_{1},$ $g_{2}\in A$
, $g_{1}g_{2}=g_{2}g_{1}$ .
, $G^{*}$ , $T_{a},T_{b}$ 2 , $\tau bT_{b}\neq T_{b}T_{a}$




$C$ , $Aut(C)$ $G$“ . $G^{*}$
,
$G^{*}=(T_{a}$ , $T_{b}\rangle$ , $T_{a}T_{b}=T_{b}T_{a}[T_{a}, T_{b}],$ $[T_{a},T_{b}]^{2}=1$
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